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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for manufacturing solid electrolyte with 
lithium ion conductivity at a low temperature in a short time, to provide the solid electrolyte 
manufactured thereby, and to provide a lithium battery provided with the solid electrolyte. 
SOLUTION: This manufacturing method for the solid electrolyte containing lithium, titanium, 
phosphorus, and oxygen and having the lithium ion conductivity heats precursor solution 
including nonhydrolyzable organic titanium compounds as a titanium supply source and 
incinerates it without any gelation process. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of a solid electrolyte which heats the precursor solution 
which is the manufacture approach of a solid electrolyte of having lithium ion conductivity 
including a lithium, titanium, Lynn, and oxygen, and contains the organic titanium compound of 
un-hydrolyzing nature as a titanium source of supply, and is characterized by calcinating without 
passing through a gelation process. 

[Claim 2] Said organic titanium compound is the manufacture approach of a solid electrolyte 
according to claim 1 which is dihydroxy titanium screw lactate or a dihydroxy titanium screw 
lactate derivative. 

[Claim 3] Said precursor solution is the manufacture approach containing a phosphoric acid or a 
phosphoric-acid metal salt of a solid electrolyte according to claim 1 or 2 as the Lynn source of 
supply and an oxygen supply. 

[Claim 4] The solid electrolyte which is a solid electrolyte which has lithium ion conductivity 
including a lithium, titanium, Lynn, and oxygen, forms the coat by the precursor solution which 
contains the organic titanium compound of un-hydrolyzing nature as a titanium source of supply 
to a base material, heats the coat concerned, and is characterized by being formed by 
calcinating without passing through a gelation process. 

[Claim 5] It is the lithium cell characterized by having been a lithium cell equipped with the solid 
electrolyte which has lithium ion conductivity including a lithium, titanium, Lynn, and oxygen, for 
said solid electrolyte having formed the coat by the precursor solution which contains the 
organic titanium compound of un-hydrolyzing nature as a titanium source of supply to the 
positive-electrode object and/or the negative-electrode object, having heated the coat 
concerned, and forming it by calcinating without passing through a gelation process. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a solid electrolyte 
of having lithium ion conductivity, the solid electrolyte manufactured by this, and a lithium cell 
[0002] 

[Description of the Prior Art] Since it has the features of it being lightweight and having a high 
energy consistency, a lithium cell is used in many cases as the memory maintenance power 
sources in pocket electronic equipment and drive power sources, such as a cellular phone and a 
notebook computer. A lithium cell is equipped with the electrolyte which generally permits 
migration of a lithium ion between the positive electrode which comes to include a lithium ion the 
positive active material in which charge and discharge are possible, the negative electrode which 
comes to contain negative-electrode active materials, such as an ingredient in which a dope and 
a dedope of a lithium are possible, and a lithium alloy, and a positive electrode and a negative 
electrode, and is constituted as a rechargeable battery. 

[0003] To the lithium secondary battery, the demand of thin-shape-izing and the further 
formation of a high energy consistency is increasing with the formation of smalt lightweight of a 
portable information device etc. in recent years. Although the nonaqueous electolyte of lithium 
ion conductivity was generally conventionally used as an electrolyte of a lithium secondary 
battery, in recent years, the solid electrolyte attracts attention that it should correspond to the 
demand of thin-shape-izing of a lithium secondary battery, and the formation of a high energy 
consistency. 

[0004] As a solid electrolyte, the gel electrolyte, the intrinsic polymer electrolyte, and the 
inorganic solid electrolyte are known. In the lithium cell, since it cannot need reinforcing 
materials, can function also as an inter-electrode separator, and does not produce a liquid spill, 
even if it thin-film-izes it, since an inorganic solid electrolyte is high intensity and it has the 
advantage that safety is high, it attracts attention especially as a solid electrolyte of a lithium 
cell application. 

[0005] As an inorganic solid electrolyte in which lithium ion conductivity is shown, the glass of a 
Li3N single crystal and Lil-Li2 S-P2S5 system, Lil-Li2S2-B-2S3 system, and Lil-Li2 S-SiS4 
system is known conventionally. However, since these ingredients are chemical and thermally 
unstable, they are not practical as an electrolyte of a lithium cell. 

[0006] Then, research of the oxide solid electrolyte of a crystallized glass system is active in 
recent years as an inorganic solid electrolyte in which lithium ion conductivity is shown. As a 
typical thing, the thing of a LISICON mold expressed with the proximate composition type LiM 
(P04) 3 (M=Ti, Zr, germanium, Hf) is mentioned. Generally in the oxide solid electrolyte of a 
LISICON mold, improvement in lithium ion conductivity is achieved by carrying out the element 
permutation of a part of M. For example, in Li1+XAIXTi2-X (P04)3 by which Ti is chosen as M in 
the proximate composition type of upper **, and a part of Ti concerned is permuted with 
aluminum, it is possible to attain high ion conductivity called 7x10-4 S/cm at a room 
temperature. Such a crystallized glass system oxide solid electrolyte is comparatively stable 
chemically and thermally, and useful as a solid electrolyte of a lithium cell. The lithium secondary 
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battery equipped with the oxide solid electrolyte of such a LISICON mold is indicated by 

JP,2002-42876,A. 

[0007] 

[Problem(s) to be Solved by the Invention] In manufacture of inorganic solid electrolytes, such as 
an oxide solid electrolyte, scorification or a sol-gel method is adopted conventionally. 
Scorification is the technique of cooling this and forming the predetermined crystal structure, 
after forming the network of a configuration element according to solid phase reaction. 
Therefore, in order to intercrystallize a raw material, very a lot of heat is needed. Moreover, 
since advance of solid phase reaction is slow, the conclusion of a reaction takes long duration. In 
manufacture of a LISICON mold solid electrolyte, the raw material mixture which consists of 
each powdery element source of supply is heated and fused to an about 1500-degree C elevated 
temperature for example first. After maintaining a melting condition for 1 to 2 hours, whenever 
[ stoving temperature ] is lowered, and it considers as the condition of the solid solution thru/or 
a solid-state, and heats at about 800 degrees C for 12 hours or more. Then, a temperature up is 
carried out again and it heats above 1000 degrees C for 24 hours, and this is cooled and the 
target solid electrolyte is obtained. Thus, in order to obtain a solid electrolyte with scorification, 
great heat and time amount are needed. In addition, it is difficult to compound a solid electrolyte 
massive according to scorification, and to form the solid electrolyte thin film of the thickness of 
micrometer order from the massive object concerned. 

[0008] On the other hand, a sol-gel method is the technique of burning and hardening this and 
forming the predetermined crystal structure, after forming the network of a configuration 
element by the hydrolysis reaction in a solution system. Therefore, an elevated-temperature 
process like scorification is not needed. However, in order to form a suitable network, by 
advancing hydrolysis slowly on quiet conditions, it must gel through a sol condition about a raw 
material solution, and a long time is required rather than scorification. In manufacture of a 
LISICON mold solid electrolyte, the alcoholic solution containing each element source of supply 
is first solated at 25-80 degrees C, for example. Next, the sol concerned is left one day to about 
one week, and is made to gel at 25-120 degrees C. Then, heating baking of about 1 hour is 
performed at 800-900 degrees C, this is cooled and the target solid electrolyte is obtained. Thus, 
according to the sol-gel method, long duration is especially required for gelation. 
[0009] This invention is invented under such circumstances and aims at offering the approach 
for manufacturing the solid electrolyte of lithium ion conductivity in low temperature and a short 
time, the solid electrolyte manufactured by this, and a lithium cell equipped with such a solid 
electrolyte. 
[0010] 

[Means for Solving the Problem] According to the 1st side face of this invention, the 
manufacture approach of a solid electrolyte of having lithium ion conductivity including a lithium, 
titanium, Lynn, and oxygen is offered. This manufacture approach is characterized by heating the 
precursor solution which contains the organic titanium compound of un-hydrolyzing nature as a 
titanium source of supply, and calcinating, without passing through a gelation process. 
[001 1] After such a manufacture approach of the solid electrolyte of a configuration forms the 
network of a configuration element by the solution system, by burning and hardening this, it is 
the technique of forming the predetermined crystal structure which comes to contain a lithium, 
titanium, Lynn, and oxygen, and does not pass through the intentional gelation process of a 
precursor solution on the occasion of network formation. Therefore, according to the approach 
concerned, the LISICON mold solid electrolyte expressed with the proximate composition type 
LiM(P04) 3 can be compounded, without passing through the gelation process which requires a 
long time. Moreover, in that the network of a configuration element is formed, the approach and 
sol-gel method concerning this invention do not need to pass through an elevated-temperature 
process like scorification by this invention in common by the solution system, either. 
[0012] Conventionally, in the sol-gel method for compounding a solid electrolyte, the titanium 
alkoxide which is easy to hydrolyze is adopted as a titanium source of supply that a configuration 
element network should be formed by hydrolysis in an alcoholic solution system. The titanium 
alkoxide is comparatively unstable and it has the property to be easy to produce precipitate 
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according to these operations, under coexistence of a phosphoric acid (H3P04) or its metal salt. 
In the process of composition of a solid electrolyte, if precipitate arises with a precursor 
solution, formation of the configuration element network of a suitable presentation will be 
checked, and the solid electrolyte of the purpose presentation cannot be obtained. Therefore, in 
a sol-gel method, in composition of a LISICON mold solid electrolyte, a phosphoric acid (H3P04) 
or its metal salt cannot be used as the Lynn source of supply and an oxygen supply, but the 
quiet phosphoric-acid triethyl which does not act on a titanium alkoxide, tributyl phosphate, and 
ammonium phosphate are used as Lynn and an oxygen supply, for example. When using these 
quiet phosphoric-acids compound, in order to incorporate P04 appropriately to a configuration 
element network, it is necessary to pass through the gelation process of the long duration by the 
hydrolysis carried out slowly. ** which has combined this with the oxygen atom of a phosphoric 
acid in the incorporation process of P04 to a network — it is thought that it is because P04 
needs to connect with a network through the oxygen atom concerned, high chemical species 
fully dissociating. Thus, especially in the sol-gel method for compounding the solid electrolyte of 
a LISICON mold, in order to incorporate P04 suitable for a configuration element network with 
Ti, it is necessary to pass through the gelation process of the long duration by the hydrolysis 
carried out slowly. 

[0013] On the other hand, the approach concerning the 1st side face of this invention does not 
pass through the gelation process for forming a configuration element network. The organic 
titanium compound of un-hydrolyzing nature is dissolving in the precursor solution used by this 
invention as a titanium source of supply, and the organic titanium compound concerned exists in 
stability comparatively by the predetermined solution system. Here, the organic titanium 
compound of un-hydrolyzing nature means the organic titanium compound which can hold the 
structure which checks the hydrolysis attack by the acid or bases to association near Ti, such 
as Ti-O-R association, for example until the configuration element network made into the 
purpose with a precursor solution is formed. As such an organic titanium compound, the 
dihydroxy titanium screw lactate expressed with the following chemical formula (1) and its 
derivative are mentioned, for example. 
[0014] 
Formula 1] 

H 

(OH) 2 Ti-0-C-CH3 
COO' 



2H + - (1) 



[0015] Since association of the organic titanium compound concerned near the titanium is fully 
protected from the hydrolysis attack in the condition that the organic titanium compound of 
such un-hydrolyzing nature is dissolving in the precursor solution, the degree of freedom of 
usable chemical species is high about the other element source of supply which should be added 
in a precursor solution. It can be used even if it is the chemical species which act on titanium 
and are specifically easy to produce precipitate as a source of supply of other elements, such as 
a lithium, Lynn, and oxygen. Therefore, it also enables ** not to acquire a gelation process but to 
choose stable chemical species as extent in which network formation is possible from the 
chemical species of such titanium operation nature. Moreover, it is such stability and also it 
becomes possible by using an element source of supply for the organic titanium compound of 
un-hydrolyzing nature itself to originate in the stability, and not to acquire a gelation process, 
but to also incorporate ** appropriately in a network. 

[0016] For example, if dihydroxy titanium screw lactate is adopted as an organic titanium 
compound which is a titanium source of supply when compounding a LISICON mold solid 
electrolyte, a phosphoric acid (H3P04) or its metal salt can be used as Lynn and an oxygen 
supply. As for P043- originating in a phosphoric acid or a phosphoric-acid metal salt, it is 
possible to exist in stability comparatively in a predetermined precursor solution system, and for 
a precursor solution not to gel, but for ** to also form a network appropriately with other 
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elements, such as titanium and a lithium. 

[0017] Thus, according to the approach concerning the 1st side face of this invention, it sets in 
a precursor solution. By adopting the organic titanium compound of un-hydrolyzing nature as a 
titanium source of supply By burning and hardening this, after forming the network of a 
configuration element by the solution system, without **'s also being able to use the chemical 
species in which network formation is possible not through a gelation process as another 
element source of supply, consequently passing through a gelation process It is possible to form 
the solid electrolyte of lithium ion conductivity. Therefore, according to the approach concerning 
the 1 st side face of this invention, the solid electrolyte of a LISICON mold etc. can be 
compounded, without passing through an elevated-temperature process like scorification, 
without passing through the gelation process which requires a long time. 

[0018] The organic titanium compound as a titanium source of supply contained in the precursor 
solution of this invention is dihydroxy titanium screw lactate or a dihydroxy titanium screw 
lactate derivative preferably. 

[0019] The precursor solution contains the phosphoric acid or the phosphoric-acid metal salt as 
the Lynn source of supply and an oxygen supply preferably. The precursor solution contains the 
acetic-acid lithium as a lithium source of supply preferably. Moreover, the precursor solution 
contains water as a solvent component preferably. In addition to water, the precursor solution 
contains alcohol as a solvent component more preferably. 

[0020] Baking in this invention is performed above 560 degrees C whenever [ stoving 
temperature ]. Temporary baking is more preferably performed whenever [ stoving temperature ] 
before baking at less than 560 degrees C, for example, 250-400 degrees C. The solid electrolyte 
which has lithium ion conductivity including a lithium, titanium, Lynn, and oxygen is a LISICON 
mold solid electrolyte preferably. 

[0021] According to the 2nd side face of this invention, the solid electrolyte which has lithium 
ion conductivity including a lithium, titanium, Lynn, and oxygen is offered. This solid electrolyte is 
characterized by having formed the coat by the precursor solution which contains the organic 
titanium compound of un-hydrolyzing nature as a titanium source of supply to the base material, 
having heated the coat concerned and being formed by calcinating without passing through a 
gelation process. 

[0022] The solid electrolyte concerning the 2nd side face of this invention is formed by 
calcinating it, after applying the precursor solution same with being used in the approach 
concerning the 1st side face to a predetermined base material by spin coating, DIP coating, etc. 
Therefore, the effectiveness same with having mentioned above about the 1st side face in 
formation of a solid electrolyte is done so by the 2nd side face. 

[0023] According to the 3rd side face of this invention, a lithium cell is offered. This lithium cell 
is characterized by having had the solid electrolyte which has lithium ion conductivity including a 
lithium, titanium, Lynn, and oxygen, and the solid electrolyte concerned having formed the coat 
by the precursor solution which contains the organic titanium compound of un-hydrolyzing 
nature as a titanium source of supply to the positive-electrode object and/or the negative- 
electrode object, and having heated the coat concerned and being formed by calcinating without 
passing through a gelation process. 

[0024] The lithium cell concerning the 3rd side face of this invention is equipped with the solid 
electrolyte formed by calcinating it after applying the precursor solution same with being used in 
the approach concerning the 1st side face to a positive-electrode object or a negative-electrode 
object by spin coating, DIP coating, etc. Therefore, the effectiveness same with having 
mentioned above about the 1st side face in formation of a solid electrolyte is done so by the 3rd 
side face. 
[0025] 

[Embodiment of the Invention] Drawing 1 is a flow chart showing the manufacture approach of 
the solid electrolyte concerning the 1st operation gestalt of this invention. The solid electrolyte 
concerning this invention is a solid electrolyte of the LISICON mold in which lithium ion 
conductivity is shown including a lithium, titanium, Lynn, and oxygen at least as a configuration 
element. 
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[0026] In manufacture of the solid electrolyte of this operation gestalt, a precursor solution is 
first prepared in the precursor solution preparation process S1. As a solvent for constituting a 
precursor solution, the mixed solvent of water or water, and alcohol is used. As alcohol for 
constituting a mixed solvent, isopropanol and ethanol can be used, for example. The raw material 
containing the configuration element of the solid electrolyte of the synthetic purpose is added, 
and it is made to dissolve to these solvents [ like ] at the precursor solution preparation process 
SI. At this time, a precursor solution is prepared so that a configuration element may live 
together by the desired mole ratio. Moreover, in order to adjust the viscosity of the precursor 
solution concerned, polymeric materials, such as a polyethylene glycol, may be further added to a 
precursor solution as a thickener. 

[0027] For example, in case a LISICON mold solid electrolyte is manufactured, as a lithium 
source of supply, an acetic-acid lithium, a lithium hydroxide, a lithium nitrate, and an oxalic acid 
lithium can be used, for example. As a titanium source of supply, dihydroxy titanium screw 
lactate and its derivative can be used, for example. As a Lynn source of supply, a phosphoric 
acid and its metal salt can be used, for example. If dihydroxy titanium screw lactate and its 
derivative are used as a titanium source of supply, it will be easy to form a uniform configuration 
element network at the time of synthetic completion. In addition, dihydroxy titanium screw 
lactate has comparatively high coexistence stability with P043- of a phosphoric acid or the 
phosphoric-acid metal salt origin which is the Lynn source of supply, and is suitable to form a 
configuration element network, without passing through a gelation process. Moreover, in a 
precursor solution, In, Sc, Ga, Cr t aluminum, or Fe may be further added with the gestalt of a 
nitrate, a hydroxide, a nitrate, and an oxalate that the lithium ion conductivity of a solid 
electrolyte should be improved. By adding such an element in a precursor solution by suitable 
concentration, it is possible for network ****** to make the crystal structure incorporate the 
element concerned so that a part of Ti may be permuted. 

[0028] Next, in the spreading process S2, the precursor solution prepared as mentioned above is 
applied on a predetermined base material, and the coat which consists of a precursor solution is 
formed to a base material. As a spreading means, spin coating, DIP coating, and spray coating 
are employable, for example. The thickness of a coat, as a result the thickness of a solid 
electrolyte thin film can be adjusted with the addition of a thickener. Finally by passing through 
such a spreading process, a thin solid electrolyte will be obtained. This process is not performed 
when there is no need of forming a solid electrolyte in a thin film. 

[0029] Next, in the heating baking process S3, the precursor solution put into the precursor 
solution coat or the heat-resistant container on a base material is heated a base material or the 
heat-resistant whole container, and is calcinated at 560-1200 degrees C whenever [ stoving 
temperature ] for 1 to 5 hours. It can calcinate decomposing the diphosphorus pentaoxide which 
may be formed from the Lynn source of supply, after transpiring the solvent contained in the 
precursor solution, if 560 degrees C or more cost whenever [ stoving temperature ]. This 
invention may perform temporary baking of 1 - 2 hours at 250-400 degrees C before such a 
baking process. If such temporary baking is performed, it will become possible to be able to burn, 
before this baking of the organic compound kind included in each element source of supply, 
consequently to sinter a good solid electrolyte. 

[0030] After passing through the above process, the solid electrolyte of lithium ion conductivity 
concerning this invention is obtained by cooling appropriately. Thus, according to this invention, 
the solid electrolyte of the lithium ion conductivity [ sol-gel method / low temperature and ] in a 
short-time process can be obtained from scorification. Such a solid electrolyte of lithium ion 
conductivity can be used as an ingredient for constituting the electrolyte layer of a lithium 
primary cell or a lithium secondary battery. Moreover, in this invention, a precursor solution is 
directly given to a baking process, and is not fully gelled before baking. Therefore, according to 
this invention, it becomes possible to be able to form a coat thin enough on a base material with 
a precursor solution, consequently to form the lithium ion conductivity solid-electrolyte 
membrane thin enough corresponding to the thickness. Such a thin lithium ion conductivity solid- 
electrolyte membrane is useful as an electrolyte layer of a lithium primary cell or a lithium 
secondary battery. 
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[0031] Drawin g 2 is the sectional view of lithium cell X concerning the 2nd operation gestalt of 
this invention. As shown in drawing 2 , lithium cell X concerning this invention is equipped with 
the solid electrolyte layer 30 which intervenes between the positive-electrode object 10 which 
consists of a positive-electrode current collection layer 11 and a positive-electrode layer 12, the 
negative-electrode object 20 which consists of a negative-electrode current collection layer 21 
and a negative-electrode layer 22, and the positive-electrode object 10 and the negative- 
electrode object 20. In this operation gestalt, the positive-electrode current collection layer 1 1 
and the negative-electrode current collection layer 21 are being respectively fixed through the 
charge collector 43 to the positive-electrode can 41 and the negative-electrode can 42. The 
positive-electrode can 41, the negative-electrode can 42, and a charge collector 43 are for 
example, the products made from stainless steel. The closure of between the positive-electrode 
can 41 and the negative-electrode can 42 is carried out with the packing material 44 made from 
polypropylene. A charge collector 43 is for aiming at a flow, filling the opening between the 
positive-electrode current collection layer 1 1 and the positive-electrode can 41 and between 
the negative-electrode current collection layer 21 and the negative-electrode can 42. Thus, 
lithium cell X of this operation gestalt is constituted as a coin mold lithium secondary battery. 
[0032] Respectively, the positive-electrode current collection layer 1 1 and the negative- 
electrode current collection layer 21 are for making it flow through the positive-electrode layer 
12 and the negative-electrode layer 22 good to a predetermined terminal 41, i.e., a positive- 
electrode can, and the predetermined negative-electrode can 42, and are constituted by the high 
conductivity ingredient. For example, aluminum, copper, or nickel is formed vacuum evaporationo, 
sputtering, or by plating. Or you may constitute using the piece of stainless steel. 
[0033] The positive-electrode layer 12 is constituted as a mixture of granular positive active 
material, a granular electric conduction agent, and the binder that consists of a resin ingredient. 
[0034] A lithium-transition-metals multiple oxide can be used as positive active material. As a 
lithium-transition-metals multiple oxide, lithium nickel complex oxide (LiNi02), a lithium- 
manganese multiple oxide (LiMn02), a lithium-cobalt multiple oxide (Li0oO2), etc. are mentioned, 
for example. Or the lithium-nickel system multiple oxide by which some nickel in lithium nickel 
complex oxide (LiNi02) is permuted by other elements as positive active material can also be 
used. 

[0035] As an electric conduction agent for forming the positive-electrode layer 12, acetylene 
black, graphite, carbon, etc. are mentioned, for example. Moreover, as a binder for forming the 
positive-electrode layer 12, polyethylene oxide, an ethylene-propylene-diene ternary 
polymerization object, etc. are mentioned, for example. 

[0036] The negative-electrode layer 22 is constituted as a mixture of a granular negative- 
electrode active material, a granular electric conduction agent, and the binder that consists of a 
resin ingredient. 

[0037] As a negative-electrode active material, lithium alloys, such as lithium-transition-metals 
multiple oxides, such as lithium titanate and a banazin san lithium, and a lithium-aluminium alloy, 
a lithium-indium alloy, etc. are mentioned, for example. Moreover, a carbon material may be used 
as a negative-electrode active material. As a carbon material, graphite, conjugated-system resin 
(for example, phenol resin, acrylic resin, polyimide resin, polyamide resin), a condensed multi-ring 
hydrocarbon compound (for example, naphthalene, a phenanthrene, an anthracene), and furan 
resin (for example, furfuryl alcohol, the homopolymers of FURIRARU, and these copolymers) are 
mentioned, for example. These carbon materials may be independent, or two or more sorts may 
be mixed and used, and especially graphite is used suitably. 

[0038] Having mentioned above about the positive-electrode layer 12 as the electric conduction 
agent and binder for forming the negative-electrode layer 22 and the same thing can be used. 
[0039] The solid electrolyte layer 30 is constituted by the inorganic solid electrolyte which has 
lithium ion conductivity. The solid electrolyte layer 30 is the solid electrolyte of the LISICON 
mold formed by the manufacture approach of the solid electrolyte concerning the 1st operation 
gestalt. In formation of the solid electrolyte layer 30, DIP coating of the precursor solution 
mentioned above about the 1st operation gestalt is first carried out to the positive-electrode 
layer 12 or the negative-electrode layer 22 formed in the manufacture process of lithium cell X. 
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Next, it calcinates at 560-1200 degrees C whenever [ stoving temperature ] by heat-treatment 
for 1 to 5 hours. Before a baking process, temporary baking of 1 - 2 hours may be performed at 
250-400 degrees C. By repeating from such DIP coating to baking the number of predetermined 
times, the solid electrolyte layer 30 of desired thickness can be formed on the positive-electrode 
layer 12 or the negative-electrode layer 22. In this operation gestalt, it is formed by well-known 
technique about other parts of lithium cell X. 

[0040] Although lithium cell X of this operation gestalt is constituted as a coin mold, about the 
lithium cell concerning this invention, any gestalt of cylindrical, a square shape, and a sheet mold 
can be used for it. 
[0041] 

[Example] Next, the example of this invention is indicated. 

[0042] To the water solution which contains the phosphoric acid (H3P04, product made from the 
Wako Pure Chem industry) as a preparation of precursor solution> Lynn source of supply by 
10wt(s)% concentration, it added and the acetic-acid lithium (product made from the Wako Pure 
Chem industry) as a lithium source of supply was mixed so that a lithium and the abundance 
ratio of Lynn might be set to 1:3 (mole ratio). Next, the sol-like precursor solution was prepared 
by adding the water solution prepared as mentioned above to the dihydroxy titanium screw 
lactate solution (trade name: ORUGACHIKKUSU TC-310, Matsumoto Chemical Industry make) 
containing the dihydroxy titanium screw lactate as a titanium source of supply, so that a lithium, 
titanium, and the abundance ratio of Lynn may be set to 1:2:3 (mole ratio), and mixing this for 1 
minute at 23 degrees C. The dihydroxy titanium screw lactate solution used by this example 
consists of the dihydroxy titanium screw lactate 43 weight section, the water 17 weight section, 
and the isopropanol 40 weight section. 

[0043] The precursor solution which is a <formation of solid-electrolyte membrane> ****, and 
was made and prepared was applied on the quartz-glass substrate (40mmx40mm) by spin 
coating. At this time, the rotation conditions of a quartz-glass substrate were set as for 10 
seconds by 500rpm for 10 seconds following this by 100rpm. Next, the substrate with which it 
did in this way and the precursor solution coat was formed was put into the electric furnace, and 
it calcinated by heating at 800 degrees C under an atmospheric-air ambient atmosphere for 5 
hours. Then, the substrate was picked out from the electric furnace and cooled radiationally. 
Thus, the thin film-like solid electrolyte was able to be formed on the quartz-glass substrate. 
[0044] Thus, about the formed solid electrolyte thin film, when analyzed chemically by ICP 
emission spectral analysis, it turned out that the lithium which constitutes the solid electrolyte 
concerned, titanium, and the mole ratio of Lynn deal with the each element s in precursor 
solution existence mole ratio (1:2:3). Moreover, when analysis by the X diffraction was performed 
about this solid electrolyte thin film, the diffraction pattern showed that a crystal phase was a 
compound expressed with LiTi2(P04) 3. Furthermore, it was 0.3 micrometers when thickness 
was measured by the contact mold thickness gage about this solid electrolyte thin film. 
According to this example the above result, in the solid electrolyte thin film of a LISICON mold, it 
is low temperature from scorification, and scorification and a sol-gel method showed that it was 
compoundable in a short time. Moreover, according to this example, when adding the thickener of 
optimum dose to the precursor solution, the thickness was understood are controllable to 
micrometer order. 

[0045] As the above conclusion, it enumerates as an additional remark below about the 
configuration of this invention, and its variation. 

[0046] (Additional remark 1) The manufacture approach of a solid electrolyte characterized by 
calcinating the precursor solution which is the manufacture approach of a solid electrolyte of 
having lithium ion conductivity including a lithium, titanium, Lynn, and oxygen, and contains the 
organic titanium compound of un-hydrolyzing nature as a titanium source of supply, without 
passing through a gelation process. 

(Additional remark 2) Said organic titanium compound is the manufacture approach of a solid 
electrolyte given in the additional remark 1 which is dihydroxy titanium screw lactate or a 
dihydroxy titanium screw lactate derivative. 

(Additional remark 3) Said precursor solution is the manufacture approach of a solid electrolyte 
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given in the additional remarks 1 or 2 containing a phosphoric acid or a phosphoric-acid metal 
salt as the Lynn source of supply and an oxygen supply. 

(Additional remark 4) Said precursor solution is the manufacture approach of the solid 
electrolyte any one publication of three from the additional remark 1 which contains an acetic- 
acid lithium as a lithium source of supply. 

(Additional remark 5) Said precursor solution is the manufacture approach of the solid 
electrolyte any one publication of four from the additional remark 1 which contains water as a 
solvent component. 

(Additional remark 6) Said precursor solution is the manufacture approach of a solid electrolyte 
given in the additional remark 5 which contains alcohol as a solvent component. 
(Additional remark 7) Whenever [ in said baking / stoving temperature ] is the manufacture 
approach of the solid electrolyte any one publication of six from the additional remark 1 which is 
560 degrees C or more. 

(Additional remark 8) The manufacture approach of a solid electrolyte given in the additional 
remark 7 which performs temporary baking at 250-400 degrees C whenever [ stoving 
temperature ] before said baking. 

(Additional remark 9) Said solid electrolyte is the manufacture approach of the solid electrolyte 
any one publication of eight from the additional remark 1 which is a LISICON mold solid 
electrolyte. 

(Additional remark 10) The solid electrolyte which is a solid electrolyte which has lithium ion 
conductivity including a lithium, titanium, Lynn, and oxygen, forms the coat by the precursor 
solution which contains the organic titanium compound of un-hydrolyzing nature as a titanium 
source of supply to a base material, heats the coat concerned, and is characterized by being 
formed by calcinating without passing through a gelation process. 

It is a lithium cell equipped with the solid electrolyte which has lithium ion conductivity including 
a lithium, titanium, Lynn, and oxygen. (Additional remark 1 1) Said solid electrolyte The lithium cell 
which forms the coat by the precursor solution which contains the organic titanium compound of 
un-hydrolyzing nature as a titanium source of supply to a positive-electrode object and/or a 
negative-electrode object, heats the coat concerned, and is characterized by being formed by 
calcinating without passing through a gelation process. 
[0047] 

[Effect of the Invention] According to this invention, it is low temperature from scorification, and 
the solid electrolyte of lithium ion conductivity can be compounded rather than scorification or a 
sol-gel method in a short time. Furthermore, according to this invention, thin film formation to 
micrometer order is possible in a lithium ion conductivity solid electrolyte. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of a solid electrolyte 
of having lithium ion conductivity, the solid electrolyte manufactured by this, and a lithium cell. 
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PRIOR ART 



[Description of the Prior Art] Since it has the features of it being lightweight and having a high 
energy consistency, a lithium cell is used in many cases as the memory maintenance power 
sources in pocket electronic equipment and drive power sources, such as a cellular phone and a 
notebook computer. A lithium cell is equipped with the electrolyte which generally permits 
migration of a lithium ion between the positive electrode which comes to include a lithium ion the 
positive active material in which charge and discharge are possible, the negative electrode which 
comes to contain negative-electrode active materials, such as an ingredient in which a dope and 
a dedope of a lithium are possible, and a lithium alloy, and a positive electrode and a negative 
electrode, and is constituted as a rechargeable battery. 

[0003] To the lithium secondary battery, the demand of thin-shape-izing and the further 
formation of a high energy consistency is increasing with the formation of small lightweight of a 
portable information device etc. in recent years. Although the nonaqueous electolyte of lithium 
ion conductivity was generally conventionally used as an electrolyte of a lithium secondary 
battery, in recent years, the solid electrolyte attracts attention that it should correspond to the 
demand of thin-shape-izing of a lithium secondary battery, and the formation of a high energy 
consistency. 

[0004] As a solid electrolyte, the gel electrolyte, the intrinsic polymer electrolyte, and the 
inorganic solid electrolyte are known. In the lithium cell, since it cannot need reinforcing 
materials, can function also as an inter-electrode separator, and does not produce a liquid spill, 
even if it thin-film-izes it, since an inorganic solid electrolyte is high intensity and it has the 
advantage that safety is high, it attracts attention especially as a solid electrolyte of a lithium 
cell application. 

[0005] As an inorganic solid electrolyte in which lithium ion conductivity is shown, the glass of a 
Li3N single crystal and Lil-Li2 S-P2S5 system, LiI-Li2S2-B-2S3 system, and Lil-Li2 S-SiS4 
system is known conventionally. However, since these ingredients are chemical and thermally 
unstable, they are not practical as an electrolyte of a lithium cell. 

[0006] Then, research of the oxide solid electrolyte of a crystallized glass system is active in 
recent years as an inorganic solid electrolyte in which lithium ion conductivity is shown. As a 
typical thing, the thing of a LISICON mold expressed with the proximate composition type LiM 
(P04) 3 (M=Ti, Zr, germanium, Hf) is mentioned. Generally in the oxide solid electrolyte of a 
LISICON mold, improvement in lithium ion conductivity is achieved by carrying out the element 
permutation of a part of M. For example, in Li1+XAIXTi2-X (P04)3 by which Ti is chosen as M in 
the proximate composition type of upper **, and a part of Ti concerned is permuted with 
aluminum, it is possible to attain high ion conductivity called 7x10-4 S/cm at a room 
temperature. Such a crystallized glass system oxide solid electrolyte is comparatively stable 
chemically and thermally, and useful as a solid electrolyte of a lithium cell. The lithium secondary 
battery equipped with the oxide solid electrolyte of such a LISICON mold is indicated by 
JP,2002-42876,A. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, it is low temperature from scorification, and 
the solid electrolyte of lithium ion conductivity can be compounded rather than scorification or a 
sol-gel method in a short time. Furthermore, according to this invention, thin film formation to 
micrometer order is possible in a lithium ion conductivity solid electrolyte. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In manufacture of inorganic solid electrolytes, such as 
an oxide solid electrolyte, scorification or a sol-gel method is adopted conventionally. 
Scorification is the technique of cooling this and forming the predetermined crystal structure, 
after forming the network of a configuration element according to solid phase reaction. 
Therefore, in order to intercrystallize a raw material, very a lot of heat is needed. Moreover, 
since advance of solid phase reaction is slow, the conclusion of a reaction takes long duration. In 
manufacture of a LISICON mold solid electrolyte, the raw material mixture which consists of 
each powdery element source of supply is heated and fused to an about 1500-degree C elevated 
temperature for example first. After maintaining a melting condition for 1 to 2 hours, whenever 
[ stoving temperature ] is lowered, and it considers as the condition of the solid solution thru/or 
a solid-state, and heats at about 800 degrees C for 12 hours or more. Then, a temperature up is 
carried out again and it heats above 1000 degrees C for 24 hours, and this is cooled and the 
target solid electrolyte is obtained. Thus, in order to obtain a solid electrolyte with scorification, 
great heat and time amount are needed. In addition, it is difficult to compound a solid electrolyte 
massive according to scorification, and to form the solid electrolyte thin film of the thickness of 
micrometer order from the massive object concerned. 

[0008] On the other hand, a sol-gel method is the technique of burning and hardening this and 
forming the predetermined crystal structure, after forming the network of a configuration 
element by the hydrolysis reaction in a solution system. Therefore, an elevated-temperature 
process like scorification is not needed. However, in order to form a suitable network, by 
advancing hydrolysis slowly on quiet conditions, it must gel through a sol condition about a raw 
material solution, and a long time is required rather than scorification. In manufacture of a 
LISICON mold solid electrolyte, the alcoholic solution containing each element source of supply 
is first solated at 25-80 degrees C, for example. Next, the sol concerned is left one day to about 
one week, and is made to gel at 25-120 degrees C. Then, heating baking of about 1 hour is 
performed at 800-900 degrees C, this is cooled and the target solid electrolyte is obtained. Thus, 
according to the sol-gel method, long duration is especially required for gelation. 
[0009] This invention is invented under such circumstances and aims at offering the approach 
for manufacturing the solid electrolyte of lithium ion conductivity in low temperature and a short 
time, the solid electrolyte manufactured by this, and a lithium cell equipped with such a solid 
electrolyte. 
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MEANS 



[Means for Solving the Problem] According to the 1st side face of this invention, the 
manufacture approach of a solid electrolyte of having lithium ion conductivity including a lithium, 
titanium, Lynn, and oxygen is offered. This manufacture approach is characterized by heating the 
precursor solution which contains the organic titanium compound of un-hydrolyzing nature as a 
titanium source of supply, and calcinating, without passing through a gelation process. 
[001 1] After such a manufacture approach of the solid electrolyte of a configuration forms the 
network of a configuration element by the solution system, by burning and hardening this, it is 
the technique of forming the predetermined crystal structure which comes to contain a lithium, 
titanium, Lynn, and oxygen, and does not pass through the intentional gelation process of a 
precursor solution on the occasion of network formation. Therefore, according to the approach 
concerned, the LISICON mold solid electrolyte expressed with the proximate composition type 
LiM(P04) 3 can be compounded, without passing through the gelation process which requires a 
long time. Moreover, in that the network of a configuration element is formed, the approach and 
sol-gel method concerning this invention do not need to pass through an elevated-temperature 
process like scorification by this invention in common by the solution system, either. 
[0012] Conventionally, in the sol-gel method for compounding a solid electrolyte, the titanium 
alkoxide which is easy to hydrolyze is adopted as a titanium source of supply that a configuration 
element network should be formed by hydrolysis in an alcoholic solution system. The titanium 
alkoxide is comparatively unstable and it has the property to be easy to produce precipitate 
according to these operations, under coexistence of a phosphoric acid (H3P04) or its metal salt. 
In the process of composition of a solid electrolyte, if precipitate arises with a precursor 
solution, formation of the configuration element network of a suitable presentation will be 
checked, and the solid electrolyte of the purpose presentation cannot be obtained. Therefore, in 
a sol-gel method, in composition of a LISICON mold solid electrolyte, a phosphoric acid (H3P04) 
or its metal salt cannot be used as the Lynn source of supply and an oxygen supply, but the 
quiet phosphoric-acid triethyl which does not act on a titanium alkoxide, tributyl phosphate, and 
ammonium phosphate are used as Lynn and an oxygen supply, for example. When using these 
quiet phosphoric-acids compound, in order to incorporate P04 appropriately to a configuration 
element network, it is necessary to pass through the gelation process of the long duration by the 
hydrolysis carried out slowly. ** which has combined this with the oxygen atom of a phosphoric 
acid in the incorporation process of P04 to a network — it is thought that it is because P04 
needs to connect with a network through the oxygen atom concerned, high chemical species 
fully dissociating. Thus, especially in the sol-gel method for compounding the solid electrolyte of 
a LISICON mold, in order to incorporate P04 suitable for a configuration element network with 
Ti, it is necessary to pass through the gelation process of the long duration by the hydrolysis 
carried out slowly. 

[0013] On the other hand, the approach concerning the 1st side face of this invention does not 
pass through the gelation process for forming a configuration element network. The organic 
titanium compound of un-hydrolyzing nature is dissolving in the precursor solution used by this 
invention as a titanium source of supply, and the organic titanium compound concerned exists in 
stability comparatively by the predetermined solution system. Here, the organic titanium 
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compound of un-hydrolyzing nature means the organic titanium compound which can hold the 
structure which checks the hydrolysis attack by the acid or bases to association near Ti, such 
as Ti-O-R association, for example until the configuration element network made into the 
purpose with a precursor solution is formed. As such an organic titanium compound, the 
dihydroxy titanium screw lactate expressed with the following chemical formula (1) and its 
derivative are mentioned, for example. 
[0014] 
Formula 1] 

H 

(OH) 2 Ti-0-C-CH3 
COO* 



2H + (1) 



[0015] Since association of the organic titanium compound concerned near the titanium is fully 
protected from the hydrolysis attack in the condition that the organic titanium compound of 
such un-hydrolyzing nature is dissolving in the precursor solution, the degree of freedom of 
usable chemical species is high about the other element source of supply which should be added 
in a precursor solution. It can be used even if it is the chemical species which act on titanium 
and are specifically easy to produce precipitate as a source of supply of other elements, such as 
a lithium, Lynn, and oxygen. Therefore, it also enables ** not to acquire a gelation process but to 
choose stable chemical species as extent in which network formation is possible from the 
chemical species of such titanium operation nature. Moreover, it is such stability and also it 
becomes possible by using an element source of supply for the organic titanium compound of 
un-hydrolyzing nature itself to originate in the stability, and not to acquire a gelation process, 
but to also incorporate ** appropriately in a network. 

[0016] For example, if dihydroxy titanium screw lactate is adopted as an organic titanium 
compound which is a titanium source of supply when compounding a LISICON mold solid 
electrolyte, a phosphoric acid (H3P04) or its metal salt can be used as Lynn and an oxygen 
supply. As for P043- originating in a phosphoric acid or a phosphoric-acid metal salt, it is 
possible to exist in stability comparatively in a predetermined precursor solution system, and for 
a precursor solution not to gel, but for ** to also form a network appropriately with other 
elements, such as titanium and a lithium. 

[0017] Thus, according to the approach concerning the 1st side face of this invention, it sets in 
a precursor solution. By adopting the organic titanium compound of un-hydrolyzing nature as a 
titanium source of supply By burning and hardening this, after forming the network of a 
configuration element by the solution system, without **'s also being able to use the chemical 
species in which network formation is possible not through a gelation process as another 
element source of supply, consequently passing through a gelation process It is possible to form 
the solid electrolyte of lithium ion conductivity. Therefore, according to the approach concerning 
the 1st side face of this invention, the solid electrolyte of a LISICON mold etc. can be 
compounded, without passing through an elevated-temperature process like scorification, 
without passing through the gelation process which requires a long time. 

[0018] The organic titanium compound as a titanium source of supply contained in the precursor 
solution of this invention is dihydroxy titanium screw lactate or a dihydroxy titanium screw 
lactate derivative preferably. 

[0019] The precursor solution contains the phosphoric acid or the phosphoric-acid metal salt as 
the Lynn source of supply and an oxygen supply preferably. The precursor solution contains the 
acetic-acid lithium as a lithium source of supply preferably. Moreover, the precursor solution 
contains water as a solvent component preferably. In addition to water, the precursor solution 
contains alcohol as a solvent component more preferably. 

[0020] Baking in this invention is performed above 560 degrees C whenever [ stoving 
temperature ]. Temporary baking is more preferably performed whenever [ stoving temperature ] 
before baking at less than 560 degrees C, for example, 250-400 degrees C. The solid electrolyte 
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which has lithium ion conductivity including a lithium, titanium, Lynn, and oxygen is a LISICON 
mold solid electrolyte preferably. 

[0021] According to the 2nd side face of this invention, the solid electrolyte which has lithium 
ion conductivity including a lithium, titanium, Lynn, and oxygen is offered. This solid electrolyte is 
characterized by having formed the coat by the precursor solution which contains the organic 
titanium compound of un-hydrolyzing nature as a titanium source of supply to the base material, 
having heated the coat concerned and being formed by calcinating without passing through a 
gelation process. 

[0022] The solid electrolyte concerning the 2nd side face of this invention is formed by 
calcinating it, after applying the precursor solution same with being used in the approach 
concerning the 1st side face to a predetermined base material by spin coating, DIP coating, etc. 
Therefore, the effectiveness same with having mentioned above about the 1st side face in 
formation of a solid electrolyte is done so by the 2nd side face. 

[0023] According to the 3rd side face of this invention, a lithium cell is offered. This lithium cell 
is characterized by having had the solid electrolyte which has lithium ion conductivity including a 
lithium, titanium, Lynn, and oxygen, and the solid electrolyte concerned having formed the coat 
by the precursor solution which contains the organic titanium compound of un-hydrolyzing 
nature as a titanium source of supply to the positive-electrode object and/or the negative- 
electrode object, and having heated the coat concerned and being formed by calcinating without 
passing through a gelation process. 

[0024] The lithium cell concerning the 3rd side face of this invention is equipped with the solid 
electrolyte formed by calcinating it after applying the precursor solution same with being used in 
the approach concerning the 1st side face to a positive-electrode object or a negative-electrode 
object by spin coating, DIP coating, etc. Therefore, the effectiveness same with having 
mentioned above about the 1 st side face in formation of a solid electrolyte is done so by the 3rd 
side face. 
[0025] 

[Embodiment of the Invention] Drawin g 1 is a flow chart showing the manufacture approach of 
the solid electrolyte concerning the 1st operation gestalt of this invention. The solid electrolyte 
concerning this invention is a solid electrolyte of the LISICON mold in which lithium ion 
conductivity is shown including a lithium, titanium, Lynn, and oxygen at least as a configuration 
element. 

[0026] In manufacture of the solid electrolyte of this operation gestalt, a precursor solution is 
first prepared in the precursor solution preparation process SI. As a solvent for constituting a 
precursor solution, the mixed solvent of water or water, and alcohol is used. As alcohol for 
constituting a mixed solvent, isopropanol and ethanol can be used, for example. The raw material 
containing the configuration element of the solid electrolyte of the synthetic purpose is added, 
and it is made to dissolve to these solvents [ like ] at the precursor solution preparation process 
S1. At this time, a precursor solution is prepared so that a configuration element may live 
together by the desired mole ratio. Moreover, in order to adjust the viscosity of the precursor 
solution concerned, polymeric materials, such as a polyethylene glycol, may be further added to a 
precursor solution as a thickener. 

[0027] For example, in case a LISICON mold solid electrolyte is manufactured, as a lithium 
source of supply, an acetic-acid lithium, a lithium hydroxide, a lithium nitrate, and an oxalic acid 
lithium can be used, for example. As a titanium source of supply, dihydroxy titanium screw 
lactate and its derivative can be used, for example. As a Lynn source of supply, a phosphoric 
acid and its metal salt can be used, for example. If dihydroxy titanium screw lactate and its 
derivative are used as a titanium source of supply, it will be easy to form a uniform configuration 
element network at the time of synthetic completion. In addition, dihydroxy titanium screw 
lactate has comparatively high coexistence stability with P043- of a phosphoric acid or the 
phosphoric-acid metal salt origin which is the Lynn source of supply, and is suitable to form a 
configuration element network, without passing through a gelation process. Moreover, in a 
precursor solution, In, Sc, Ga, Cr, aluminum, or Fe may be further added with the gestalt of a 
nitrate, a hydroxide, a nitrate, and an oxalate that the lithium ion conductivity of a solid 
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electrolyte should be improved. By adding such an element in a precursor solution by suitable 
concentration, it is possible for network ****** to make the crystal structure incorporate the 
element concerned so that a part of Ti may be permuted. 

[0028] Next, in the spreading process S2, the precursor solution prepared as mentioned above is 
applied on a predetermined base material, and the coat which consists of a precursor solution is 
formed to a base material. As a spreading means, spin coating, DIP coating, and spray coating 
are employable, for example. The thickness of a coat, as a result the thickness of a solid 
electrolyte thin film can be adjusted with the addition of a thickener. Finally by passing through 
such a spreading process, a thin solid electrolyte will be obtained. This process is not performed 
when there is no need of forming a solid electrolyte in a thin film. 

[0029] Next, in the heating baking process S3, the precursor solution put into the precursor 
solution coat or the heat-resistant container on a base material is heated a base material or the 
heat-resistant whole container, and is calcinated at 560-1200 degrees C whenever [ stoving 
temperature ] for 1 to 5 hours. It can calcinate decomposing the diphosphorus pentaoxide which 
may be formed from the Lynn source of supply, after transpiring the solvent contained in the 
precursor solution, if 560 degrees C or more cost whenever [ stoving temperature ]. This 
invention may perform temporary baking of 1 - 2 hours at 250-400 degrees C before such a 
baking process. If such temporary baking is performed, it will become possible to be able to burn, 
before this baking of the organic compound kind included in each element source of supply, 
consequently to sinter a good solid electrolyte. 

[0030] After passing through the above process, the solid electrolyte of lithium ion conductivity 
concerning this invention is obtained by cooling appropriately. Thus, according to this invention, 
the solid electrolyte of the lithium ion conductivity [ sol-gel method / low temperature and ] in a 
short-time process can be obtained from scorification. Such a solid electrolyte of lithium ion 
conductivity can be used as an ingredient for constituting the electrolyte layer of a lithium 
primary cell or a lithium secondary battery. Moreover, in this invention, a precursor solution is 
directly given to a baking process, and is not fully gelled before baking. Therefore, according to 
this invention, it becomes possible to be able to form a coat thin enough on a base material with 
a precursor solution, consequently to form the lithium ion conductivity solid-electrolyte 
membrane thin enough corresponding to the thickness. Such a thin lithium ion conductivity solid- 
electrolyte membrane is useful as an electrolyte layer of a lithium primary cell or a lithium 
secondary battery. 

[0031] Drawin g 2 is the sectional view of lithium cell X concerning the 2nd operation gestalt of 
this invention. As shown in drawing 2 , lithium cell X concerning this invention is equipped with 
the solid electrolyte layer 30 which intervenes between the positive-electrode object 10 which 
consists of a positive-electrode current collection layer 11 and a positive-electrode layer 12, the 
negative-electrode object 20 which consists of a negative-electrode current collection layer 21 
and a negative-electrode layer 22, and the positive-electrode object 10 and the negative- 
electrode object 20. In this operation gestalt, the positive-electrode current collection layer 1 1 
and the negative-electrode current collection layer 21 are being respectively fixed through the 
charge collector 43 to the positive-electrode can 41 and the negative-electrode can 42. The 
positive-electrode can 41, the negative-electrode can 42, and a charge collector 43 are for 
example, the products made from stainless steel. The closure of between the positive-electrode 
can 41 and the negative-electrode can 42 is carried out with the packing material 44 made from 
polypropylene. A charge collector 43 is for aiming at a flow, filling the opening between the 
positive-electrode current collection layer 1 1 and the positive-electrode can 41 and between 
the negative-electrode current collection layer 21 and the negative-electrode can 42. Thus, 
lithium cell X of this operation gestalt is constituted as a coin mold lithium secondary battery. 
[0032] Respectively, the positive-electrode current collection layer 1 1 and the negative- 
electrode current collection layer 21 are for making it flow through the positive-electrode layer 
12 and the negative-electrode layer 22 good to a predetermined terminal 41, i.e., a positive- 
electrode can, and the predetermined negative-electrode can 42, and are constituted by the high 
conductivity ingredient. For example, aluminum, copper, or nickel is formed vacuum evaporationo, 
sputtering, or by plating. Or you may constitute using the piece of stainless steel. 
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[0033] The positive-electrode layer 12 is constituted as a mixture of granular positive active 
material, a granular electric conduction agent, and the binder that consists of a resin ingredient 
[0034] A lithium-transition-metals multiple oxide can be used as positive active material. As a 
lithium-transition-metals multiple oxide, lithium nickel complex oxide (LiNi02) f a lithium- 
manganese multiple oxide (LiMn02), a lithium-cobalt multiple oxide (LiCo02), etc. are mentioned, 
for example. Or the lithium-nickel system multiple oxide by which some nickel in lithium nickel 
complex oxide (LiNi02) is permuted by other elements as positive active material can also be 
used. 

[0035] As an electric conduction agent for forming the positive-electrode layer 1 2, acetylene 
black, graphite, carbon, etc. are mentioned, for example. Moreover, as a binder for forming the 
positive-electrode layer 12, polyethylene oxide, an ethylene-propylene-diene ternary 
polymerization object, etc. are mentioned, for example. 

[0036] The negative-electrode layer 22 is constituted as a mixture of a granular negative- 
electrode active material, a granular electric conduction agent, and the binder that consists of a 
resin ingredient. 

[0037] As a negative-electrode active material, lithium alloys, such as lithium-transition-metals 
multiple oxides, such as lithium titanate and a banazin san lithium, and a lithium-aluminium alloy, 
a lithium-indium alloy, etc. are mentioned, for example. Moreover, a carbon material may be used 
as a negative-electrode active material. As a carbon material, graphite, conjugated-system resin 
(for example, phenol resin, acrylic resin, polyimide resin, polyamide resin), a condensed multi-ring 
hydrocarbon compound (for example, naphthalene, a phenanthrene, an anthracene), and furan 
resin (for example, furfuryl alcohol, the homopolymers of FURIRARU, and these copolymers) are 
mentioned, for example. These carbon materials may be independent, or two or more sorts may 
be mixed and used, and especially graphite is used suitably. 

[0038] Having mentioned above about the positive-electrode layer 12 as the electric conduction 
agent and binder for forming the negative-electrode layer 22 and the same thing can be used. 
[0039] The solid electrolyte layer 30 is constituted by the inorganic solid electrolyte which has 
lithium ion conductivity. The solid electrolyte layer 30 is the solid electrolyte of the LISICON 
mold formed by the manufacture approach of the solid electrolyte concerning the 1st operation 
gestalt. In formation of the solid electrolyte layer 30, DIP coating of the precursor solution 
mentioned above about the 1st operation gestalt is first carried out to the positive-electrode 
layer 12 or the negative-electrode layer 22 formed in the manufacture process of lithium cell X. 
Next, it calcinates at 560-1200 degrees C whenever [ stoving temperature ] by heat-treatment 
for 1 to 5 hours. Before a baking process, temporary baking of 1 - 2 hours may be performed at 
250-400 degrees C. By repeating from such DIP coating to baking the number of predetermined 
times, the solid electrolyte layer 30 of desired thickness can be formed on the positive-electrode 
layer 12 or the negative-electrode layer 22. In this operation gestalt, it is formed by well-known 
technique about other parts of lithium cell X. 

[0040] Although lithium cell X of this operation gestalt is constituted as a coin mold, about the 
lithium cell concerning this invention, any gestalt of cylindrical, a square shape, and a sheet mold 
can be used for it. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Next, the example of this invention is indicated. 

[0042] To the water solution which contains the phosphoric acid (H3P04, product made from the 
Wako Pure Chem industry) as a preparation of precursor solution> Lynn source of supply by 
10wt(s)% concentration, it added and the acetic-acid lithium (product made from the Wako Pure 
Chem industry) as a lithium source of supply was mixed so that a lithium and the abundance 
ratio of Lynn might be set to 1:3 (mole ratio). Next, the soHike precursor solution was prepared 
by adding the water solution prepared as mentioned above to the dihydroxy titanium screw 
lactate solution (trade name: ORUGACHIKKUSU TC-310, Matsumoto Chemical Industry make) 
containing the dihydroxy titanium screw lactate as a titanium source of supply, so that a lithium, 
titanium, and the abundance ratio of Lynn may be set to 1:2:3 (mole ratio), and mixing this for 1 
minute at 23 degrees C. The dihydroxy titanium screw lactate solution used by this example 
consists of the dihydroxy titanium screw lactate 43 weight section, the water 1 7 weight section, 
and the isopropanol 40 weight section. 

[0043] The precursor solution which is a <formation of solid-electrolyte membrane> ****, and 
was made and prepared was applied on the quartz-glass substrate (40mmx40mm) by spin 
coating. At this time, the rotation conditions of a quartz-glass substrate were set as for 10 
seconds by 500rpm for 10 seconds following this by 100rpm. Next, the substrate with which it 
did in this way and the precursor solution coat was formed was put into the electric furnace, and 
it calcinated by heating at 800 degrees C under an atmospheric^air ambient atmosphere for 5 
hours. Then, the substrate was picked out from the electric furnace and cooled radiationally. 
Thus, the thin f»lrrHike solid electrolyte was able to be formed on the quartz-glass substrate. 
[0044] Thus, about the formed solid electrolyte thin film, when analyzed chemically by ICP 
emission spectral analysis, it turned out that the lithium which constitutes the solid electrolyte 
concerned, titanium, and the mole ratio of Lynn deal with the each element's in precursor 
solution existence mole ratio (1:2:3). Moreover, when analysis by the X diffraction was performed 
about this solid electrolyte thin film, the diffraction pattern showed that a crystal phase was a 
compound expressed with LiTi2(P04) 3. Furthermore, it was 0.3 micrometers when thickness 
was measured by the contact mold thickness gage about this solid electrolyte thin film. 
According to this example the above result, in the solid electrolyte thin film of a LISICON mold, it 
is low temperature from scorification, and scorification and a sol-gel method showed that it was 
compoundable in a short time. Moreover, according to this example, when adding the thickener of 
optimum dose to the precursor solution, the thickness was understood are controllable to 
micrometer order. 

[0045] As the above conclusion, it enumerates as an additional remark below about the 
configuration of this invention, and its variation. 

[0046] (Additional remark 1) The manufacture approach of a solid electrolyte characterized by 
calcinating the precursor solution which is the manufacture approach of a solid electrolyte of 
having lithium ion conductivity including a lithium, titanium, Lynn, and oxygen, and contains the 
organic titanium compound of un-hydrolyzing nature as a titanium source of supply, without 
passing through a gelation process. 

(Additional remark 2) Said organic titanium compound is the manufacture approach of a solid 
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electrolyte given in the additional remark 1 which is dihydroxy titanium screw lactate or a 
dihydroxy titanium screw lactate derivative. 

(Additional remark 3) Said precursor solution is the manufacture approach of a solid electrolyte 
given in the additional remarks 1 or 2 containing a phosphoric acid or a phosphoric-acid metal 
salt as the Lynn source of supply and an oxygen supply. 

(Additional remark 4) Said precursor solution is the manufacture approach of the solid 
electrolyte any one publication of three from the additional remark 1 which contains an acetic- 
acid lithium as a lithium source of supply. 

(Additional remark 5) Said precursor solution is the manufacture approach of the solid 
electrolyte any one publication of four from the additional remark 1 which contains water as a 
solvent component. 

(Additional remark 6) Said precursor solution is the manufacture approach of a solid electrolyte 
given in the additional remark 5 which contains alcohol as a solvent component. 
(Additional remark 7) Whenever [ in said baking / stoving temperature ] is the manufacture 
approach of the solid electrolyte any one publication of six from the additional remark 1 which is 
560 degrees C or more. 

(Additional remark 8) The manufacture approach of a solid electrolyte given in the additional 
remark 7 which performs temporary baking at 250-400 degrees C whenever [ stoving 
temperature ] before said baking. 

(Additional remark 9) Said solid electrolyte is the manufacture approach of the solid electrolyte 
any one publication of eight from the additional remark 1 which is a LISICON mold solid 
electrolyte. 

(Additional remark 10) The solid electrolyte which is a solid electrolyte which has lithium ion 
conductivity including a lithium, titanium, Lynn, and oxygen, forms the coat by the precursor 
solution which contains the organic titanium compound of un-hydrolyzing nature as a titanium 
source of supply to a base material, heats the coat concerned, and is characterized by being 
formed by calcinating without passing through a gelation process. 

It is a lithium cell equipped with the solid electrolyte which has lithium ion conductivity including 
a lithium, titanium, Lynn, and oxygen. (Additional remark 11) Said solid electrolyte The lithium cell 
which forms the coat by the precursor solution which contains the organic titanium compound of 
un-hydrolyzing nature as a titanium source of supply to a positive-electrode object and/or a 
negative-electrode object, heats the coat concerned, and is characterized by being formed by 
calcinating without passing through a gelation process. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is a flow chart about the manufacture approach of the solid electrolyte concerning 
this invention. 

[Drawing 2] It is the sectional view of the lithium cell concerning this invention formed as a coin 
mold. 

[Description of Notations] 

51 Precursor solution preparation process 

52 Spreading process 

53 Heating baking process 

10 Positive-Electrode Object 

1 1 Positive-Electrode Current Collection Layer 

12 Positive-Electrode Layer 

20 Negative-Electrode Object 

21 Negative-Electrode Current Collection Layer 

22 Negative-Electrode Layer 
30 Solid Electrolyte Layer 
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DRAWINGS 



[Drawing 1j 
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ffi4 2, ii4:t>'3t®ft4 3(4, m^a^Tvu^wmx' 

hZ>< 2Zffifc4 I ^ft^f5 4 2t©B|f4, ^]xl4^y-/ 
ut'u>m<Vs<y*> 4 4 XMJlk £ ftT ^ 3„ *m 
ft 4 3(4, iE»m« 1 1 tIISi4 1 roffl, 
ftS*Sl2 i irft|f&4 2cor^co2gf®5:Si?)oo#ii 

[0 0 3 2] iEgftTlJl ] 1 JoiUtftlfiifefllJg 2 1 14, 
Bf^OS : fi-^b* > iE11te4 l*54t>*ftffi£54 2 
2*3«tU t ftffi«2 2?r^»(ijSii^-t!: 

t> 

[00 3 3] lEMm 1 2 (4, &#c<7XIElf S#5ff t , fe#t 
©3l«*y t , WIIWW 4 9 4 -5*S*^J ir <7)?S^ft t LT 

. [0 0 3 4] lEmmVoKk LT(4, y^!>A-S^Jl 
KHMIf fctt ^rffl v ^ S r t ^ T 1 5 „ y ^ ^> A - 'M&&m 
^%mYMh LT(4, f?'J^L(4*, llf^-zy^r/^ 
Kfk^ (LiNiOO , H-^A-'vy^yiA^ 
ft (LiMnO:) , y f vA-n/^hfA^ 
(LiCoO?) /ii'^^lf ^tl5o *(4, IEffie#)K 
irLT!4, :>A-=^g^8ftfc (l i N i O 

[0 0 3 5] III] 2*rJB^1-5fc«)<03f«SiJt LT 
(4, #J;il4\ T^^^y? y ? ^ VyVyAV. ti- 

*co^'^Ji: LTI4, #|/U4\ *f y if l^>^-^-> K, 

[0 0 3 6] ftffig 2 2 (4, *2^t(75ftffi?S^K r i: . S^t 
to«m^]t, «}SI»*44 9 &S!***U:«>&6tt£ LT 
P^^tvT^So 
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[0 0 3 7] SffigftHi rf>WJ 

f- <y j*-?s<-r i? $ y ?- ? a # t'co jj f- ? a 
mms-mtvi. &4u\ ^-^-7;^ = ^^ 
y^^A--r>-^-? t*© y ^ ^ ^ a** 

Tt>4.V\ Kfiftffi-i: LTI4, #J;il4, K 

#y>r5 KutJB. *'P7; Ktttffi) , m&^mmt*m 
\Y&m mx\-f, t7^i/>, 7it>Fw>, 7yt- 

•7-) #¥tfe>ita« rJxfeoftiKWlsHi, HiftTt, 

[0 0 3 8] Affijf 2 2 Sr»fifci-5fc»©j»«B*jJ:i; 
*£*#J<t LTI4, Effigl 2l-MLT±i£L}tOi|5|« 

[0 0 3 9) B#ftfl?KJl3 0(4. y f-^A-Y^-v^® 

ftftM 3 0(4, m 1 ©Hi$^Jgic^5@fl:«/BK©l! 
ii^ffilCi 9^$Jx5^Jx.(iL I S 1 CONW<D®fc 
WMWX'hhc Bfttt^ffil 3 0 ©^iC^TiS, * 

1 2^fc(4*jiS2 2l:JPtLT7-< y7"3-7-fy/t 
•5o iDfi^aic J: 9 , Mm&S. 5 6 0- 1 2 0 0 

tf 1 ~ 5 ^K^L-ti. *J*XS©lWICtt, 2 5 0- 
4 OOt:Tl~2l$IH©(R8ll£&fTo-Ct>J:l,\, :oi 

Itrtlliot, jE&Jfl 2±S/cl4^gB2 2±(i 

a. ^ntgjgigTfi, y f-^^a^xcotew^u 
[o o 4 o] &mmmm<Dy f-<yj^mMxa. =>j>m 

[0 0 4 1 ] 

[0 0 4 2] <iKre<*«aro«tl>ii>«i&iRi:LT© 
y >K (H, P O, , fP7feM»X|ISS) 5rl0wt %©zg- 

yfyA (fdjt«Six*ll) y^-7Ai y ><Dft& 

&|C, 5^ yflt.^ RTO'/t K d 3f- ->f- ^ > t'* 7 
^-r- h&^tr^t KDifyf^yt"77?r- Kjgj^ 

(iSp D n£ : Invlif-yp* TC-310, 
US) (c^LT, ±3t©j:5tLT»IIlLt**JBES:, 
y f^Aif^yi y >©#SJtdS i : 2 : 3 

it) 4 s J; o izmn u z. *i«r 2 3 e cr< 1 ^raa^-t 
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ftWfll^yt KnJr-yf^yt"7777- hi§?£ 
(4, yt KD^fy^yt'77^7- h4 3Sffig|5.t, 
7k ] Tfiftait, ^y7°D^v-/i-4 oliSBi^fe^ 

■So 

[0 0 4 3] <B#tt$ftlSI©7T5fi5o>±i&© J: 5 I- LT 

(4 OmmX 4 0mm) XIC^ Lfc, Z© 
^3£#7*K®©le]tg#:ftf4, 1 00 r pmtl 
. 10 0 tm. 33 4 t>\ * tllcm^^X 500rpmfl0 fjffSi 

JlfcS&Srfl^UpfcAtU ^ft#ffl«T!-tJ^T, 8 0 

o t x 5 B#m*pSRi- sitiaoxKL t c * ©m, 

S«Sr«»JIF*>e>69taLTjfe?&Lfc. r©4y-|cL 
T , 5 * S«±K*s^T 3f flH:fc*c© @ &m.MK*m 
j$.i-Z>z.ktfx%tzt 

[0 0 4 4 ] :»i 5 1: LTMJ Jafcg^tif H 
5, sa@(|;l«f^t^yf f-^y, yy 

20 ©*vujfc!4, ffilEft:^II*3(t'5#7c*©#ffi^/Ht 
'(I : 2 : 3) tC^flS Lt^5 Z. i ^Jo3t„ ^fc, Z 

fcirZ5> ESf^^-^C,, ga B B tiliL i T i ; (PO 
0 3 T^^nS^TfcSr i^Jofc, MIC, C© 

0. 3(/mf*ot, W±©^^, *H 
MWM45t, LISI CON^©B*lifl?KjSIK*, 
^gia-4 '3 t ) {g^-efoo-r5.ogltfe^yVu--y J >ft4 

vh&mrfix&f&xZTDZtfr'n-otz, st, ^mtffi 
30 last, iref*»a^»LTa*oi»Mi!!3ws:jRjp-}-ix 
(4, ^ d ^ - h^-y-xmm^x 

[0 0 4 5] y.±<D%b£>t LT, *«M©«fRi3J:05 
^©y<y3i--> 3 yico^r, filTI-ttlEi Lr^ij^l- 

Sc 

[0 0 4 6] (f+IED y^"7At, f^yt, y> 

m.m«<omm^ ; &xh^x , f-^>mmm,t Lxmu* 

40 IS«:«n-«l3ci-*rtSr#«ti-S, HttttJRft© 

(Mis 2) mzfitttf-fi y{t&mt, v>t Kodf.->f-^ 

>t""^7^x- hifctt-yt KnJf-yf ^yt'^777 
- hfP|f$T-;Sb5, M"I2 1 lc|S*©B*««a©»it* 

fee 

(ttfE3) mife^,IEfrS«l4, yXft^Joi^^ 

i fc (4 2 (cKtt©B#ffi8«<0Sii;frifc 0 
(ftE4) milEHij|E^g?«l4, y 3-<}J>.m'&Mt Lxm 
50 ^y^^^Sr-^tr, #121 A>f>3<OV-fn*»] otcIS* 
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(tins) mmmmi^mmn, mmMtLx^^ 

(ME 7) «HE*JsR«c»lt5lPf»jiJEl4 % 5 6 0°C«± 
T-fc5, MSG i 6W^-fn^J oiiEfjtoBft^fl? 

(ttfE 8 ) mife^<7)ftf}tC*Dfi?a-g 2 5 0~4 0 0tt' 

(MIE9) SuEBftflt^Kfi, LI SI CONilM 

$ ^ r- y ^ ? aw * >{m&m-f 5 Bfc«8 stfc o 
(tfsei i) y^?i»t, ^>£, y>£. m.mt* 
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[0 0 4 71 

fikfe-^^u-yyuffi «fc 9 ts^PflT-g-fiE-fs r t 
w.mm^-< v^-y-xnm^m^xh 
io imffi<Dffimft$t.w] 

.A>«»©*flHH-e*>3. 

S 1 S9SE#*iKBH8im 

S 2 *i*Ig 

S 3 JBfflMWiIS 

1 0 Mfls 

20 1 J jESHttJf 

1 2 jEHJf 

2 0 

2 1 nrnmrnm 

2 2 ass 

3 o mfammwrn 



[H.l ] 



[02] 
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#Bfl 2 0 0 3 - 3 4 6 8 9 6 



F^-jM#%) 5G301 CA01 CA16 CA19 CA25 CDOI 
5H024 AAO] AA02 AA12 BB01 BB07 

CC03 FF23 
5H029 AJ14 AK03 AL01 AL03 AL06 

AL12 AL18 AMI 2 BJ03 CJ02 

CJ08 CJ22 



